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• ONE OF THE MOST USEFUL 

TYPES of hi«;h-frequency eom|K‘n8ation 
for a bn>a(lhan<l amplifier is a series 
i-ouplinjr inductor as sliouti in a typical 
interstage <*onne<*tion in Figure 1. The 
simplified n^presentalion of Figure 2 il¬ 
lustrates that this imliictor, L, forms with 
the output capacitance of one stage, Ci, 
a low-pass filter. Vi heeler* has shown that 
for a termination of such a filter hy the image im{N'dan<*e of a constant-k 
section, U^st results will In* obtained with a capacitance at the ter¬ 
minated end of one-half that at the unterminated end. 

In actual practice, the termination is usually a resistor, which d(K^s 
not satisfy Vidieeler’s condition; and, while the ratio of the capacitances 
can 1 k‘ varied by l(K‘ating the grid resistor and bliM'king condenst‘r at 
one or the other end of the series coil, it is not alw ays |K)ssible to obtain 
a capacitance ratio of unless a capacitor is added to one end. Since 

‘lluroM A. Whccirr. Amiilifirn* for Telrviaion.” Pmc. Vol. 27, No. 7. July. 1939, 

pp. 429 138. 

Fici'RE I. Intrrsta^e coupling circuit with scries peaking inductor. 
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Figi’RE 2. Simplified equivalent circuit of in¬ 
terstage coupling with low-frequency effects 
neglected. 


the unavoidable circuit capacitances are 
the initial factors limiting the gain for a 
given hand width, adding capacitance 
seems at first an undesirable prot*edure. 

Sinw there seem to l)e no published 
<lata giving additional details for design, 
an analysis has been made of the simple 
four-element circuit of Figure 2, in order 
to detennine if this ratio is necessary for 
imiform gain over the desired band. The 
prt'sent analysis has been carried through 
only for the amplitude characteristic. In 
many cases the phase characteristic is 
sufficiently ini[)ortant to recpjire a de¬ 
sign based on considerations of both 
amplitude and phas<^ 

The circuit of Figure 2 shows Ci as the 
total shunt capacitance at the termi¬ 


nated end of the filter, C 2 as the total 
shunt capacitance at the untenninated 
end, and R as the parallel combination 
of the plate load resistor, /f/, and the 
dynamic plate resistance of the amplifier 
tube. The grid resistor, is neglected 
as lx?ing very large compared to that 
parallel combination. If R,j is on the 
same side of the inductor as Ri, it too 
can b«? put into the parallel combination. 
Ill addition, Ci is expressed as a fraction 
of O 2 in order to simplify reference to 
this im{M)rtant ratio, m. 

A straightforward calculation of the 
cirt‘uit of Figure 2 shows that the mag¬ 
nitude of the ratio of grid-to-grid volt¬ 
ages, normalized to give unity at low 
frt*<|uencies, is 

\MmR0. 


i*0 


-f u:r - 




(I -fm)'' 


Mere one can select various values of 
m and obs4?rve the effect on the gain 
characteristic (the squan* root of the 
rt'ciprocal of the above expression) of 
various values of imliu'tance. Some rep- 
restmtative results are shown in Figure 3. 
The typical curve, representing the gain 
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FIG L K K 3. (x a i II 

cliaracterislic of a 
single stage for 
various values of 
the capacitance 
ratio and peaking 
inductance. 
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as a fuiirtiun of frequenry, as the fre¬ 
quency is raised, shows first a sa^ and 
then a rise just before the curve drops i»(T 
at cutofT. 

Tlie four solid-line curves of Figun? if 
apply t<i the rati<» of and show the 
effect on I he gain characteristic of in¬ 
creasing values of in<luctance. In de¬ 
termining which value of indii(*tan<‘e tr> 
list*, one can plot a series of this ty|N* and 
select one that gives the best coinpromist* 
lie tween hand witlth and flatness. An¬ 
other pnM*eiliin* is to set up t'ertain 
rt*quirenients for the gain characteristic 
anti on that basis tleterniine the value of 
indutttance. Thus if 


/. = 


4m(l — m) 

(1 + m) 


hh:. 


the gain rises as a niaxiniuin, after the 
sag, to tile same gain as at low fretpien- 
cics. This value of iiidiit*tance corre- 
spontls to the usual tme given for the 
ratio of viz.. L = ^R‘C. and the 
gain characteristic for this value is shtiwn 
as a tiasheil curve in Figure 3.1’he corre¬ 
sponding curve for m = % is one with 
L = shown in Figure 3. How¬ 

ever, this value of inductance is not a 
tlesirable tme except for ratitis in the 


vicinity of m = }/^.»For valtK*6 less than 
3^ or greater than I, the tiriginal require¬ 
ments canntit Lm* fullilletl, so that some 
other basis must Im* used for those 
extremes. 

One interesting ctmtlititm that can lie 
set up is basi*tl tm a t'onsideration of the 
tierivatives of the gain with resjiect tt> 
frequency at zi*n» frt‘quency. All the 
gain characteristics ftir the present cir¬ 
cuit have an initial horizontal slope 
(first derivative equal to z<*n> at zen> 
frequency), with a resulting flatness at 
low frequem’ies (without consideration 
of the effect of the Cg-R^ combination). 
As the frequency incn*ases, the slope of 
the gain characteristic changes frtim 
horizontal, and the gain deviates from 
the low-frequency value. By making this 
change in slope as slow as |M>ssible one 
can obtain an impnived flatness. Ana¬ 
lytically this condition can Im* expressed 
as setting the next higher order deriva¬ 
tives equal to zero, 'riius if 

the first three derivatives are zero at 
zero frequency. Furthermore, at the 
}>oint, what has been called maximal 


Fict RK t. <Fain 

rharurlrrii^tic of a 
hinglr Htagf* with 

I _ t' t 

lilt* valiir reipiireil 
to make I hr* hrHl 
thriT (Irrivativrs 
of ihr* gain with 
rr*»prrt lo fre- 
(|ijenry /rro at zero 
frr<nirnry. 
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flatnefts- is oblaiiUMh willi the first five 
ilcrivatives et|iia] to zero. This value is a 
transition one, and the nature of the 
transition can l>e seen in Figure I, where 
curves Tor various values of m and in¬ 
ductance values corres|M>nding to the 
flatness «‘ondition are shown. For values 
of rn less than the gain ilecreases con¬ 
tinually with increasing frequency, while 
for values greater than the gain in¬ 
creases InTore it iinall> tlro[»s *»(T at 
cutoff. 

When it is desired t(> maintain the 
gain uniform over the hand with a cer¬ 
tain tolerance in ileparture, lK»th alK>ve 
and Inflow the low-frc<niency value, the 
value of retjiiired inductance is not 
readily ex[»resse<l in terms of in. How ¬ 
ever, the |H>ssihilities can Ik* analyzi'd on 
the basis of curves (calculated by (Hit and 
try to give the maximum band width 
within the tolerance. If the total capaci¬ 
tance, C. is held (*<)nstant and the ratio, 
m, varied, the following results are ob¬ 
tained when the indiictaiu'e, /^. is 
adjusted in each case for that maximum 
band. 

From the (’ondition of zero (‘apaci- 

*V. I). I.antlnn. ’Hlufiraiilr \nit>li(icr*> with Miitiiiiiiil 
Kf.’.l Ht’tifU’. Vol. 5. IXo. 3, JaniiBr>. Oil. pp. 
317-3(»2. «nii Vol. 3, No. 1. April. OH. pp. Iftl I'W. 


tance at the terminated end (in = 0 ), 
the usable band width for a given tol- 
erance increases with increasing values 
of m until a value of ni of is reached. 
Up to this ratio no sag occurs in the 
freipieiKty characteristic. 

lJ(*yoiid this value of a sag in the 
<!iirve will in general occur, and the 
usable band width continues to increase 
if the tolerance re(piin*ments on gain an* 
chos(*n siifliciently large, 'riiiis. as show n 
in Figure 5. for drd. I db tolerance in a 
single stage, a ratio of gives a band 
width about 1 }^ times that for ni = 

For ± 0 ..i db tolerance a ratio of ‘^3 gives 
alnxit \}/^ times, and a ratio of ^ gives 
about times the band widtlr^ ob¬ 

tained for a ratio of For ±0.1 db. 
however, a ratio of ^ has a band width 
only alKxit 0.8 that for a ratio of j 3. 

Since, in multiple-stage amplifiers, 
till* irregularities art* multiplied by the 
niimlier of stages, the tolerances must bt* 
reasonably small for a single stage, 'riius 
a ratio greater than I>p unde¬ 

sirable unless additional means are used 
for (‘omiiensating for the irregularities. 

Xrnolu Fktkk.son 

*!\o ,ignitiranl iiicrriiM* in liaml wiillli fnr m — Vj •* <*l'- 
laincrl fnr thr ±;0.5 illi (uirruiu'r by altering the iniluplaiii'c 
frniii llic 0.68 HT-d value uliown in Figure 



I*' IG I It K 3. U i II 
rtiaraflcrislif <if u 
sinplf slugr with I. 

UlijllStflJ (O {IIVI* 

lli«‘ inaviiniim liaini 
witliiii a 11a(iii*».s toi- 
craiicr ±0.1 ttli 

(Miiitl-iiiK* ciirvtts) 
aiui drO.3 illi 
(ilaslieti-liiit* 
curves). 
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DYNAMIC BALANCING 
WITH THE AID OF A 


MARCH, 1945 


<#> 


IN THE FIELD 
STROBOSCOPE 


• THE PROBLEM WAS to l.uiaiire 
a kw, rmp Htearii tiirhino. 'Hif 
ijhiial field nietli<Ml of shifting halam-r 
weights and taking vihnmieter readings 
on eaeh setting was ineffeetive as the 
ef»aKting and ae<Tleration lime of the 
tnaehine was ((iiite long, riirthermore, 
there was a kink in the shaft that threw 
in a eouple that was hard to neiitraliz<*. 

'riie ereetor on the job did not know 
where the high S|K>t on the shaft was or 
which way the unbalance fon;e moved 
when the shaft went through the critical 
and the kink tlm‘w out. Some sort of 
8tn>lK>s4*o(M^ was needed to s()ot this 
motion. 

Available was a (general Radio Stndni* 
lac, built so the hulh <'ould lie fin'd 
from a variably tuned firing cin’uit cali¬ 
brated in rpm. or from a set of external 
(‘<»ntacts. This was rigged up to fire on 
the external contacts hy making a con¬ 
tact that was mounted on tlie hearing 
cap. \s indicated in the drawing Isdow, 
a Y\* SAK threads, a piece of 

sheet metal In'ot into an angle, and a 
piece of Micarta form an insulating 
mount. 

'file ImiIi was gn>und to a neeiile |M>inl 
and set to run on a ma<*hined part of the 
shaft just outsifle the iM'aring. The other 
wire from the contactor was wrap|M‘d 
around an ice pick and held in the center 
of the shaft. NumU'rs were |>ainted on 
the shaft and the machine hroiighl up to 
the critical [Miint. The adjustable con¬ 
tact s(*n'wed down until the hulh started 
firing, llie machine was then run 
through the critical and the shift of the 
high s|M>t observed, 'file minimum shaft 


shake in the iN'arings was .003'^ and the 
contacts fired the strofxitac satisfair. 
torily on st'paration. 

l,^ter this rig was used to chei’k 
dynamic balance on a high-s|jeed arma¬ 
ture from a 25 kw exciter by mounting 
two U'arings on a frame of wood si'ant- 
lings and driving the armature with a 
light lielt fnmi a 20" diameter by 
facv wood pulley, chucked up in an air 
drill for variable s^ii'ed. Checking the 
ileflection of the S4*antling mount with a 
dial gagi^ and weights, and then cali¬ 
brating the contact, made it |N>ssible to 
calculate the lialance weight required 
with fewer balancing shots. 

'fins trick is simply a in<M*k-up of a 
dynamic balancing machine, Imilt in the 
field around an instrument (oniinonly 
available. 

Keprititfil from M vstinghuusv Mainifnana' 
Setvs with ihr |irritiisHion of llip r»l- 
iiighousp F.lcctnc and Maniifurtiiring 
(iompany. 


fioi KK I. Diapratti <»f arraiij'CTnriit and coir 
iKN’lioitri for (Ivnamir Italaiicin^ wilii lliu 
Slroliolat*. 
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THE USE OF 
AT VOLTAGES 

• THE NORMAL OPERATING 
POTENTIAL of Tvpks 200 .Cl’ll. 
20()-CMII, 100-K, and 50-B Variacs 0 
to 270 vollft when ojR'raltMl from a 230- 
voll, 50-or 60-fyele source, or 0 to 135 
volls when ojieraled fmiu a 115-volt, 
25-eyelc soiirtx?. However, it is some¬ 
times flesirahle to o{ierate e<|ui|»ment at 
a higher voltage, and, while such appli¬ 
cations an* tcM> infrequent to justify 
production units, it is [M>ssiblc to extend 


the voltage range considerably by pro|ier 
connections of existing units. 

This extension of voltage range is 
made jxissible by the use of ganged units 
similar to, but differing slightly in con¬ 
nections fmm, the two ganged units 
normally supplied for o|R*n-delta, three- 
(diase ofieration. Figure I illustrates this 
connection. When so connected the fol¬ 
lowing ratings apply: 


Variac AsKcmlily 

2(M).CLfH(;2 

l(HM«;2 

.50.B(;2 

.. 

460 

230 

u»o 

230 

460 

230 


510 

270 

.510 

270 

540 

270 

Halt'd C.'nrrent, ainiN'rei* 

2 

0 

20 

Maxiniimi Current, amperes 

2.5 

0 

31 

KVA lit liiiMil VoltB f 

* 1 25 cycles 

1.15 

.575 

4.11 

2.07 

14.26 

7.13 

,, ,, , , 50-<)0 cycles 

KVA at Max. Volts 

1.08 

l.Hti 

10.8 

1 25 cycles 

.SI 

3.13 

5.1 

.\rl VOiftlii, |M>unds 

I7M 

.50 

175 

Price 

$M.50 

$H5.<M) 

$225.(K) 


*Trailr mark rriciairrrd in T. S. Variat'a an* nianiirartuml ami hiM iimlrr H. S. I'alrnl Nn. 2,(NM.0I3. 
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MISCELLANY 


• MOST OF YOU WILL AGREE, 

we think, that (^K'licral Radio gives rapid 
service on repair work, particularly for 
war plants, to whom every minute of 
delay means a slowing down of produc¬ 
tion. Recently, however, a repair joh 
went through our plant so fast that it 
left us gasping. 

\ Midwest radio manufacturer en¬ 
gaged in producing vital military radio 
equipment <’alled us by telephone. ITis 
(General Radio signal generator — a 
specially designed u-h-f model — had 
lieen in trontinuous use for over a year 
and was badly in need of repair and 
recalibration. Time was important — 
Army trucks were waiting outside his 
plant to take his products away as fast 
as they came off the production line. 
Could we do it? We couhl. 

Tucking the generator under his arm, 
one of the manufacturer’s engineers took 
a plane to Boston late that afternoon. 
At eight o'clock the next morning he was 
at our door. Our repair department and 
our standardizing laboratory went to 
work on the generator immediately and 
finished the job by late afternoon. An¬ 
other plane ride and the generator was 
hack in service the next day. 


One of the things that keeps life inter¬ 
esting in our St‘rvice Department is the 
unexpected problem that turns up now 
and then. The latest of ihest' concerns 
some output |H)wer meters rejected 
by the customer on the ground that some 
of the ranges were inoj)erative. The cus¬ 
tomer, we foimd, had drilled holes in the 
panel to attach his own name plates. 
Unfortimately he drilled right through 
the input transformers! 


At a meeting of the Boston Section 
of the Institute of Radio Engineers, 
held January, IQdS, Eduard Karplus 
of the General Radio Engineering 
Staff distrussed Ultra-High Frequency 
Oscillators. 

Mr. Karplus’ paj)er covered the use in 
oscillators of the new butterfly circuits 
(Experimenter, October, 1944) as well as 
some newer ty|>es on which data have 
not yet lieen published. Display lK>ards 
showing l)oth butterfly plates and com¬ 
plete circuits were exhibited. These dis¬ 
plays, which are shown in the accom¬ 
panying photographs, were also on 
exliibition at the General Radio booth 
at the I.R.E. Winter Technical Meeting 
held in New' York in January. 
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Kloi^Re I. View of the ruhln'r glove tenter 
iiBetJ liy Idaho Power (Company. 


RUBBER GLOVE TESTER 
USES VARIAC 

• WHEREVER RECTIFIER POWER 

supplies are ust*d, the Variae pmvitles a 
eonvenient method of atljiisting voltajj^e. 
The aeeompaiiying illustration shows a 
rubber glove tester designed by Mr. 
Lt'onard G. Walker of tbe Idaho Power 
Company. A Type 10()-R Variae is used 
to vary the 24()-volt a-e input to the 
plate supply transformer of the 15000- 
volt, d-e |iower supply. By means of the 
Variae, voltage is built up at the projter 
rate during the test eycle. Six gloves art* 
lestetl simultaneously with this equip¬ 
ment. When a glove fails, voltage is re¬ 
duced to the |)oint where the overloatl 
relays do not trip, and the shorted unit 
is identified from the leakage current 
indicated by the corresjxmding milli- 
aninieter. 


^T^HE General Radio E\I*EKIME!\TER is mailed u'ithout charge each month 
to engineers, scientists, technit'ians, anil others interested iit commntti~ 
cation-freqnency measurernetit atifl t'ontro! prohlerns. When sending 
requests for subscriptions and address-change tuttices, please supply the 
following information: name, company address^ business comjHtny 

is engaged in, and title or pftsition of imlividuaL 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHDNE: TROWBRIDGE 4 4 00 

BRANCH ENGINEERING OFFICES 

NEW YORK 6. NEW YORK CHICAGO 5. ILLINOIS 

SO WEST STREET 920 SOUTH MICHIGAN AVENUE 

TEL. CORTLANOT 7 -0850 | TEL. WABASH 3820 

LOS ANGELES 38, CALIFORNIA 
1 000 NORTH SEWARD STREET 
TEL.-HOLLYWOOD 6321 
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